IN the absence of a completely satisfactory method of generating a high-tension current, suitable in every way for exciting X-ray tubes, every means at our disposal must be in the nature of a compromise. This is only another way of saying that all the devices at present in use are more or less imperfect. With the recent demands of rapid radiography, new instruments have been brought forward and the older and more familiar ones have been modified to meet the new conditions. In such a matter as this, finality is not to be dreamt of, much less spoken about, for the present at least; but I am sure it will be agreed that it is a good thing occasionally to have a discussion on instrumentation in this Section, as a means of reporting progress, so to speak, and find out in what direction opinion is leading, on the part of those who have had a large experience. Before going over the various questions that may be raised, I wish to make one or two suggestions bearing on the conduct of this discussion, which I trust will receive the approval of the meeting. In the first place, I think we should avoid mentioning the names of the makers or agents of the various types of apparatus that may be referred to. Apart from the fact that our proceedings should be free from anything appearing like advertisement, it would be sure to lead to inequality in the amount of praise or otherwise that each firm received. Personally, I do not think there is very much to choose between the apparatus made by different firms, and, after all, what we want to get at is: What type of instrument is the best for our purpose ? This, in my opinion, can be easily arranged without reference to any particular maker.
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Further, I would ask that we confine ourselves to the requirements of X-ray diagnosis on this occasion, as this is the more exacting branch of our work. In comparison the needs of X-ray therapeutics are relatively simple, and what is very suitable for this class of work is not the best for radiography. As an example of this, at the X-ray department over which I have control there is an outfit of the most elementary kind, consisting of an ordinary coil, old-fashioned dipper break, and operated from a small transformer which gives a continuous current of 50 volts. For treatment it is very satisfactory and efficient; for radiographic purposes it is a weariness to the flesh, and work up to modern requirements for the thicker parts of the body is quite out of the question. With a view to still further narrowing down the field of discussion, I think we can afford to ignore the question of efficiency of our instruments as transformers of electrical energy. To us as radiographers it is a matter of the least importance whether the apparatus we use has an electrical efficiency of 25 per cent. or 95 per cent.; as, under any conditions, the consumption of primary current is a trifling detail, so long as we get the current we want through the X-ray tube.
The transformers at present in use are as follows:-(1) The static machine.
(2) The high-tension transformer, with valve tubes.
(8) The induction coil.
(4) The rectifying high-tension transformer. The first two of these need not delay us very long. The static machine gives out an ideal form of current for our purpose, and, provided we had one big enough, many of our troubles would disappear. The only one I know of that meets with the requirements of modern X-ray diagnosis is that used by Hulst, of Grand Rapids, Michigan. It is of the Toepler-Holtz type, but the shaft is arranged vertically. There are fifty revolving and the same number of stationary plates. Through a "Walter 6 " tube it passep a current of 12 ma., the plates revolving at 1,800 per minute. He finds two seconds enough for an average kidney case; a mere flash is ample for a chest; and the remarkable thing is that a water-cooled tube worked in the same way for even thirty seconds. No mark is made on the polished surface of the antikathode. In the above exposures no screens were used. This absence of marking of the antikathode is peculiar to the static machine, and is one of the many advantages it possesses. Though the disadvantages of the static machine, in this climate at least, are so serious that in all probability it will never come into general use, it must be admitted that it gives the ideal current for our purpose, and provides the standard towards which our efforts should be directed. In its present form it is costly, bulky, and troublesome to keep in order.
With regard to the high-tension transformer with valve tubes to suppress or divert the negative wave, I am not aware that instruments of this type have found favour among those who make radiography their chief consideration. They are admirable for higlh-frequency work, and are thus more frequently found in the hands of those practitioners whose work lies largely in this direction. By means of valve tubes the more ordinary requirements of X-ray diagnosis can be met. I think it hardly necessary to refer to this class at any length, because they represent, in my opinion, a step in the development of the high-tension rectifier which has attracted so much attention recently, and with which we shall deal presently. The elimination of the.first two types of apparatus from our list thus narrows down our discussion to the relative merits of the induction coil and the high-tension rectifier. A year ago I thought the latter instrument quite the most desirable thing in the world. After using one for a few months I was not quite so sure; and now, with the great improvements that have been made in induction coils, I have very grave doubts about it. I hope we shall have the evidence of those who have had experience of the rectifier, because I am sure many of us are in doubt as to their real value and as to the advisability of investing in one. To get thoroughly unbiased evidence in a case of this kind is of course difficult. The man who has got thoroughly used to his coil and multi-anode electrolytic break is none too ready to admit the superiority of the rectifier; similarly he who has invested £150 or so in a rectifier is naturally unwilling to admit the possibility that he has not materially improved his position thereby. But I ask those of you here present who intend to take part in this discussion to leave personal feelings out of your consideration. The matter is an important one, and as such we should do our best to get at the truth. An X-ray tube, according to the vacuum, has a certain degree of inertia; that is to say, a certain electromotive force has to be applied to it before the electrons are set in motion and the tube begins to work. So far as my observations go, the electromotive force necessary to start the tube is higher than what is sufficient to keep it working afterwards; and if we had a continuous current from a dynamo, adjustable from 0 to 100,000 volts or more, and applied this to our tube, we should find that after turning on a sufficiently high voltage to start the tube we should have to reduce this very considerably if the tube was not to become overheated. Further, if the vacuum rises, as it is certain to do while running on the small current, the tube will suddenly stop working; or possibly it may go on fitfully for a time -before stopping altogether. It will then be necessary to increase the voltage to a considerable extent before the tube starts working again. Of course I have not had an opportunity of putting these statements to the practical test, as, so far, electrical engineers have not succeeded in making machines that are capable of generating continuous currents of so high a voltage; but I am certain that we should find matters essentially as I have described. The nearest current we have to this is the high-tension transformer, with a closed magnetic circuit. The current is the same for the purposes of the argument, whether it is combined with a rotating rectifier using both waves, or when valve tubes are employed to suppress or divert one of them. A tracing of the current shows a broad sweeping curve of sine formation, and standing more or less midway between the straight line of the continuous current and the high, sharp peak of the current from the induction coil. Anyone who has used a closed magnetic circuit machine for any length of time must have noticed this peculiar behaviour of his X-ray tubes, and have found how difficult it was to get them to run smoothly when using the small currents required for much of one's daily work. When I was using a machine of this -type I found it extremely difficult to keep in touch, so to speak, with my tubes, owing to this erratic behaviour. In contrast to this let us consider the character of the current we get from an induction coil. Here we have a curve (if, indeed, it may be called as such) rising abruptly to a great height, but of very short duration. If we draw a chart illustrating these various points it would be something like this: (1) that of the voltage required to start tube in action, and (2) the voltage that will keep the tube running once it has been set in action; (a) the curve of the rectifier current at the moment the tube lights up, but which will overheat the tube if left on for any length of time; (b) the curve of the current from the same machine, upon which the tube will run more or less regularly, and without heating unduly; (c) (d) represent induction coil curves baving a mean current value corresponding to (a) and (b).
When the tube is running on a current such as (b), it will be seen that there is a comparatively long period of rest, and there is a liability of the electrons falling into that same state that occurs when it has been at rest for some time, and requires an *impul-se as at (a) to set it going again. This is, to my mind, what happens when we use any closed magnetic circuit transformer for passing small currents through an X-ray tube. With an induction coil, on the other hand, owing to the high initial impulse, even with a low mean current value, there is never any chance for the electrons refusing to come into action, and the tube will work steadily with any current required in practical work. This I consider an important advantage of the coil over the rectifier. Now let us consider what were the disadvantages of the coil that led to the introduction of the rectifier. They appear to be mainly the low secondary output, and the presence of an inconvenient amount of inverse current; we might also add the presence of the interrupter, which has its inherent defects.
The high-tension rectifier is free from all these defects, inasmuch as it gives a current entirely free from inverse waves, and, in a quantity greater than any tube we know of at present, will withstand for more than a very few seconds. Moreover, it is self-contained and complete. These are great advantages, and if there were no other considerations to take into account, they would decide the choice very quickly. The matter, however, is not so simple as this. Most of us cannot afford the space or the mnoney (or perhaps both) to have a coil as well as a rectifier, and we must select the one that best suits our requirements, our space, and our pockets. However great the advantages of the rectifier are, we have to take into consideration its disadvantages. We find that it is very bulky, it costs from two to three times that of a coil outfit, it is inconveniently noisy, even when enclosed, and the tubes work irregularly on small currents, such as we have to use for much of our work.
Further, if we try to get rid of the noise by placing themachine in an adjoining room, the irregularity of the working of the tubes is greatly increased.
We have also to consider if, though the advantages over the coil were such as I have stated a year or two ago, the most modern and up-to-date coil outfit possesses the same disadvantages as its forerunners. I think I can convince you that it does not. I had an opportunity of testing a new coil recently, which gave some noteworthy results. Across an 8-in. air-gap, and without a valve of any kind, it passed a current of 52 ma., and this with less than 10 amp. in the primary coil. Through a tube of medium hardness it easily passed 12 ma. In both cases a mercury break was used. With such currents very rapid exposures are possible, and if we further employ one of the new intensifying screens which give so little " grain " as to be almost quite unobjectionable, good work on the thickest parts of the body can be done in as short exposures as are likely to be needed for all ordinary purposes. Working under these conditions, Mr. Thurstan Holland has shown me an excellent radiograph of a renal calculus after an exposure of three-quarters of a second! Only to-day, in doing an X-ray examination of the urinary system in a lady of large physique all my plates were over-exposed, the longest exposure of the series being twenty seconds, without a screen of any kind. This latter is, I know, nothing phenomenal, but it does show that the modern induction coil is a very different thing from what we were accustomed to a few years, or even months, ago. It should be noted that I am speaking of the use of a mercury, and not an electrolytic break. With regard to the latter form of break, I may say that I have given up the use of it almost entirely. With the high primary voltage we now have to work with, the inverse current is too high for comfortable working as a matter of routine. Tubes vary rapidly and have a short life. This would not signify very much if it were always possible to get a highly satisfactory tube at a moment's notice. This, however, is seldom the case, and our most satisfactory tubes are those we have had in careful use for a considerable time and have become "seasoned," so to speak, until they are capable of safely carrying the currents required for heavy work.
These remarks apply all the more to the multi-anode type with the aid of which huge currents are possible in the primary and successful radiographs secured with very short exposures. I know that some workers are using this arrangement and getting what they describe as the most excellent and satisfactory results. At the same time, so far as I can learn, this arrangement has not been gaining ground to any great extent, and there is a strong tendency to hark back to the mercury interrupter in spite of all its defects. It would seem that our faithfulness to our "first love " is in a fair way to get its due reward. The improvements that have been made in induction coils and mercury breaks are very great indeed; so great are they, that the high-tension rectifier no longer holds the commanding position it did in regard to heavy and rapid work.
There is much more that I might say on this important and interesting subject, but I think I have said enough for the patience of this meeting, as well as enough to raise some points for discussion. If these rather disjointed remarks of mine achieve this result, their purpose will have been attained.
